One-atom thick crystalline layers and their vertical heterostructures carry the promise of designer electronic materials that are unattainable by standard growth techniques. In order to realize their potential it is necessary to isolate them from environmental disturbances in particular those introduced by the substrate. But finding and characterizing suitable substrates, and minimizing the random potential fluctuations they introduce, has been a persistent challenge in this emerging field. Here we show that Landau-level (LL) spectroscopy is exquisitely sensitive to potential fluctuations on both local and global length scales. Harnessing this technique we demonstrate that the insertion of an intermediate graphene layer provides superior screening of substrate induced disturbances, more than doubling the electronic mean free path. Furthermore, we find that the proximity of hBN acts as a nano-scale "vacuum cleaner", dramatically suppressing the global potential fluctuations. This makes it possible to fabricate high quality devices on standard SiO2 substrates.
The recent realization of one-atom thick layers and the fabrication of layered Van der Waals heterostructures revealed fascinating physical phenomena and novel devices based on interlayer interactions [1] [2] [3] [4] [5] [6] [7] [8] [9] . Inherent to the 2D structure of these layers is an extreme vulnerability to disturbances introduced by the substrate [10] [11] [12] [13] . Substrate interference can be eliminated by suspending the sample, an approach that led to the observation of ballistic transport [14] [15] [16] [17] [18] [19] [20] and the fractional quantum Hall effect in graphene [16] [17] [18] , but its application is limited to small micron-size samples at relatively low doping. Another approach is to use atomically smooth metallic substrates [21] [22] [23] or graphite [24] [25] [26] [27] [28] which screen the random potential. But these substrates short-circuit the 2D channel and prevent tuning the carrier density by gating, rendering them unsuitable for device applications. Among insulating substrates atomically flat hBN [29] [30] [31] and MoS2 7 have recently emerged as promising alternatives to SiO2 substrates.
Using scanning tunneling spectroscopy (STM), spectroscopy (STS) and numerical simulations we demonstrate that inserting a graphene buffer layer between the 2D sample (in this case also graphene) and the insulating substrate, screens the random potential fluctuations without compromising the gating capability. We characterize the effect of local potential fluctuations on a local scale using LL spectroscopy, a technique which gives direct access to the onset of well-defined cyclotron orbits, to the quasiparticle life time and to the mean free path. Furthermore, we show that gate dependent LL spectroscopy allows to quantify the global potential fluctuations. Using this technique we find that the presence of a graphene buffer layer and the proximity of an hBN flake result in a dramatic suppression of the global potential fluctuations.
Devices were fabricated from exfoliated graphene flakes and transferred onto the surface of a 300 nm chlorinated SiO2 layer capping a highly n-doped Si substrate, which served as a back-gate. To ensure decoupling between the top and bottom graphene layers and to avoid interference from Van Hove singularities, 2, 3, 9 the layers were deposited with a large twist angle between them. Standard e-beam lithography followed by electron-beam evaporation at base pressure of 2x10 -7 Torr was employed to deposit the Ti/Au (2 nm/60 nm) pads for guiding the STM tip to the sample 32 . The devices were baked for 3hrs in forming gas at 250 0 C prior to mounting into the cryostat.
STM and STS measurements were performed at 4 K in a home-built STM using Pt-Ir tips that were mechanically cut from polycrystalline wire. STM images are recorded in constant current mode with the bias voltage, Vb, applied between the sample and grounded tip. Differential conductance (dI/dV) spectra which are proportional to the local DOS, were obtained with a lock-in technique at modulation frequency 440 Hz with fixed tip to sample distance.
The schematic measurement set up is shown in Figure 1 To further understand screening in this system we carried out numerical simulations. In graphene, unlike the case of materials with parabolic bands, the disorder potential created by trapped charges retains its long-range nature [35] [36] [37] . This, together with the non-linear nature of the screening in graphene 38 LL spectroscopy makes it possible to quantify the screening effect by providing access to the scattering length, the quasiparticle lifetime, and the potential fluctuations 27 . In the presence of a magnetic field, B, normal to the layer the spectrum breaks up into a sequence of LLs:
where
is the magnetic length. The LLs become observable when their characteristic energy scale, ℏv F / exceeds, the line-width ∆E = ∆E +ED, where ∆E is the intrinsic linewidth and ∆E is the potential fluctuation amplitude across a cyclotron orbit. This criterion implies: l B < v F = , where τ ≈ ħ/∆E is the quasiparticle lifetime and l is the mean-free-path, which in 2D is also the screening length 40 . In other words LL become observable when the cyclotron orbit can "fit" We find Bo ~ 3.5T and ~ 0.5T corresponding to ∆E~46 meV and ~18 meV for the single and double layer, respectively. Gaussian fits of the N=0 LL (Fig. S4) , gives comparable values: ∆~42 and 18 meV for the single a double layer respectively.
These results correspond to more than doubling the carrier lifetimes, from τ ≈ 15 fs jumps to the next LL producing the sharp step. In STS measurements EF defines the energy origin and therefore it is ED and the LLs that appear to be shifting rather than EF. A random potential smears out the staircase structure because ED (and the entire LL sequence with it) fluctuates across the sample following the potential variations. It is important to note that Vg, being controlled by the gate electrode, is depositing charge across the entire sample and not only at the position of the STM tip. Therefore, as Vg is swept the first electron to populate a given LL will occupy a state localized near the global minimum of the random potential while the last electron will find a state near the global maximum causing the LL energy to trace out the global random potential fluctuation, ∆E . As a result the plateaus acquire a slope which tracks the global random potential distribution across the entire sample.
In Figures 4(a) , (b) and (c) we show the gating effect on the LL spectra for GSiO2, GGSiO2, and GGSiO2 near hBN, respectively. In the case of GSiO2 the absence of an observable staircase structure signifies that ∆E exceeds the LL spacing at 10T ~ 115 meV. This is more than three-fold larger than the local fluctuation amplitude obtained from the onset field. For the GGSiO2 sample the staircase becomes discernible and from the plateau slope we find ∆E ~50 meV. Thus, adding a second graphene layer strongly suppresses the substrate induced disorder on both local and global scales. 
